Transfer ribonucleic acid (tRNA) methylases were studied during the germination of spores in Neurospora crassa. The total methylase capacity and base specific tRNA methylase activities were determined in extracts from cells harvested at various stages of germination. Germinated conidia have a 65% higher methylase capacity than ungerminated conidia. Three predominant methylase activities were found in the extracts, and the relative amount of each activity was different at the various stages. Enzymes from vegetative cells catalyzed significant hypermethylation of tRNA from conidia, whereas conidial enzymes were much less active on tRNA from vegetative cells. The results indicate differences in the tRNA methylase content and tRNA species of conidia and vegetative cells.
Transfer ribonucleic acid (tRNA) methylases were studied during the germination of spores in Neurospora crassa. The total methylase capacity and base specific tRNA methylase activities were determined in extracts from cells harvested at various stages of germination. Germinated conidia have a 65% higher methylase capacity than ungerminated conidia. Three predominant methylase activities were found in the extracts, and the relative amount of each activity was different at the various stages. Enzymes from vegetative cells catalyzed significant hypermethylation of tRNA from conidia, whereas conidial enzymes were much less active on tRNA from vegetative cells. The results indicate differences in the tRNA methylase content and tRNA species of conidia and vegetative cells.
Transfer ribonucleic acid (tRNA) methylases modify the structure of tRNA at the macromolecular level by catalyzing the transfer of methyl groups from S-adenosylmethionine to specific sites in the tRNA molecule (8) . These enzymes are unique in being species, and in being organ and base specific (21) and invariably constant in biological systems in the same phase of growth. The methylases from vegetatively growing cells, such as bacteria and the cellular slime mold Dictyostelium, or from stationary phase systems, such as adult mammalian tissues, will methylate the cellular tRNA to a specific extent characteristic of the species and phase of growth.
However, in biological systems undergoing developmental changes, large alterations in the levels of tRNA methylase activity have been found. Examples of this phenomenon are found during the metamorphosis of insects (1), the morphogenesis of the cellular slime mold D. discoideum (18) , and the differentiation of various tissues such as bovine lens (14) and embryonic, neonatal, and adult mammalian tissues (10, 13) . The alterations seen in vitro are qualitative and quantitative differences in the methylating capacity of various cellular extracts. Confirmation of these altered levels of methylase activity in vitro has been found in vivo by Bergquist and Matthews (3), Viale et al. (23) , and Craddock (6) .
The control mechanisms which regulate tRNA I Submitted by R.S.L.W. in partial fulfillment of the requirements for a Ph.D. degree. methylase activities in biological systems remain to be elucidated. The finding of natural inhibitors of these enzymes in induced lysogenic Escherichia coli (24), in adult organs of rabbit and rat (13) , and in the differentiating cellular slime mold D. discoideum (20) has revealed one regulatory mechanism. Other control mechanisms that may exist remain obscure.
We have extended the study of tRNA methylases to N. crassa to explore the possibility that these enzymes are involved in the developmental process of spore germination in this organism.
MATERIALS AND METHODS N. crassa wild strain IA iS from the collection of G.A.S. E. coli B tRNA was obtained from General Biochemicals Corp. S-adenosylmethionine-methyl-14C (specific activity, 55 mCi/mmole) was purchased from International Chemical and Nuclear Corp. The methylated nucleosides 7-methylguanosine, 1-methylguanosine, 1-methylaminopurine, N2-methylguanosine, and N2-dimethylguanosine were purchased from Cyclo Chemical Co., and 6-methylaminopurine was purchased from Calbiochem.
Growth conditions. N. crassa cultures were grown on Fries minimal medium (2) supplemented with 1.5% sucrose and 1.5% agar.
Conidial suspensions were obtained from agar cultures, grown for 8 to 10 days at 25 C, by vigorously shaking the flasks with sterile liquid medium and filtering the suspension through sterile glass wool to remove the mycelial fragments. The conidia were concentrated by filtration on membrane filters (type HA, Millipore Corp., Bedford, Mass.) and suspended in a small amount of liquid medium. The conidia then were trans-446 VOL. 108, 1971 tRNA METHYLASES AND NEUROSPORA GERMINATION ferred to Fries medium (pH 6.5) supplemented with 1% glucose (7, 11, 16) . Germination was carried out at 37 C on a rotatory shaker at 120 rev./min. Conidia and germinated conidia were harvested by filtration on membrane filters and washed once with minimal medium. Those pellets not immediately used were frozen for later use.
Preparation of tRNA methylases. Conidial or mycelial pellets were ground with alumina (Alcoa Chemicals, bacteriological grade, A-305) in the presence of 1 to 2 ml of buffer containing: 0.02 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride (pH 8.2), 0.01 M MgCl2, 0.005 M mercaptoethanol, and 0.25 M sucrose. The homogenate was centrifuged first at 30,000 x g for 10 min to remove the alumina and cellular debris and subsequently for I hr at 105,000 x g. The resulting supematant fluid served as the source of enzymes for the methylation studies. Protein was determined by the method of Lowry et al. (15) .
tRNA methylase assay. The tRNA methylase capacity of the cellular extracts was assayed by measuring the incorporation of "4C-methyl groups of S-adenosylmethionine into E. coli B tRNA. The reaction mixture contained: Tris-hydrochloride (pH 8.2), 20 umoles; MgCl2, 2 Amoles; mercaptoethanol, 2 Amoles; E. coli B tRNA, 20 ug; S-adenosylmethionine-methyl-14C, 2 Mimoles; and enzyme in a total volume of 0.2 ml.
Control tubes contained no tRNA. After incubation at 37 C for 45 min, the reaction was terminated by the addition of 2 ml of cold 95% ethanol. The tubes were kept cold for I hr, and the precipitates then were collected on Whatman glass-fiber filters (GF/A) and washed with 40 ml of 5% trichloroacetic acid. The filters were fixed to planchets and counted in a gas-flow counter (Nuclear Chicago Corp). The counting efficiency was about 25%.
Isolation of tRNA from Neurospora. (19) , and the tRNA was further purified on diethylaminoethyl cellulose by the method of Peterson and Sober (17) . Methylated base analysis. A 0.2-to 0.3-mg amount of E. coli tRNA was incubated with Neurospora enzymes and S-adenosylmethionine under standard conditions as described above, and the tRNA was isolated by phenol extraction (5, 19) . Hydrolysis of the tRNA and cellulose thin-layer chromatography with authentic methylated bases as reference standards were carried out as described by Hall (9) and Bjork and Svensson (4) . The resulting spots were revealed under ultraviolet light (254 nm), scraped into scintillation vials, and counted in a liquid-scintillation counter. RESULTS Germination and growth of N. crassa. Fig. 1 shows the germination and growth of N. crassa at 37 C. Germination and rapid growth occurred for about 15 hr, followed by a stationary phase.
The conidial concentration was 107 conidia/ml in all experiments described here. predominant base-specific enzyme activities in N. crassa as germination proceeded. There was an increase in the production of N2-dimethylguanine from 0 to 12 hr, followed by a decrease. Significant change in N2-methylguanine and 1-methyladenine production occurred only after 18 hr of germination.
Insets in Fig. 3 show the ratio of N2-dimethylguanine to N2-methylguanine formed during the various stages of growth. Any changes in this ratio during germination and growth reflect changes in the relative amounts of each of the specific guanine methylase activities present in the cellular extract. This ratio increased during the rapid-growth phase and decreased as the cells entered the stationary phase. Thus, the increased methylation during the rapid-growth phase did not result from a uniform increase in all three enzyme activities but from a specific change in the N2-dimethylguanine methylase activity.
Methylation of homologous tRNA. In an organism with an undifferentiated life cycle, the tRNA usually is fully methylated with respect to that organism's own tRNA methylases. Thus, in an in vitro methylation assay, the tRNA from such an organism cannot be further methylated by its own tRNA methylases. In the case of an organism such as Neurospora, whose life cycle involves distinct and differentiated cell stages, one might expect different tRNA species to be present during different stages of development (conidia and mycelia in this case). To assess this possibility, tRNA was isolated from conidia and from 12-hr cells and was tested as the substrate for in vitro methylation with conidial or 12-hr mycelial enzymes (Table 1 ). The 12-hr mycelial enzymes were able to hypermethylate the conidial tRNA to a significant extent, but the conidial enzymes were much less active in methylating the mycelial tRNA. These findings indicate marked differences between conidia and mycelia with respect to both tRNA and tRNA methylase composition. The specific nature of these differences is under investigation.
DISCUSSION
These results extend previous observations in which alterations of the tRNA methylase activities were found in biological systems undergoing differentiation (1, 14, 18 These changes also represent qualitative alterations in one or more of the specific enzymes (Sharma, 0. K., S. J. Kerr, and E. Borek, Fed. Proc. 30: [167] [168] [169] [170] [171] [172] [173] [174] [175] [176] 1971 ). This is also the case during spore germination and growth in N. crassa. It is reasonable to expect changes in the methylase activities upon germination and growth, as shown with some metabolic enzymes in N. crassa (12, 22, 25) . However, tRNA methylases alter the structure of tRNA and thus may qualitatively affect protein synthesis. The presence of altered base patterns in the substrate methylated in vitro by the various extracts during N. crassa germination and growth (Fig.  3) reveals that the relative activities of N2-dimethylguanine and N2-methylguanine methylases in the cells are changing. Thus, the increased methylation seen during the rapid-growth phase does not result solely from an increase in all methylases present in the conidia. Furthermore, the tRNA species formed during germination and growth may be modified differently because of the changes in the tRNA methylases present. Evidence for this is suggested by the results of cross-reactions between tRNA species and tRNA methylases extracted from cells at different stages of growth (Table 1 ). The tRNA extracted from conidia in which methylase capacity was shown to be low served as a recipient substrate for methylation by enzymes extracted from mycelia. However, tRNA from the mycelia was a poor substrate. This may indicate a difference in the extent of methylation of the two tRNA species in vivo.
